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ABSTRACT 

The effects of four variables in short-term memory in children 
(acoustic similarity, list length, presentation rate, and grade level) 
were studied using a serial list learning task and immediate recall. 
The acoustic similarity was introduced by constructing serial lists of 
letters randomly selected from a pool of acoustically dissimilar letters 
(H, D, J, L, Q, R, W) or a pool of acoustically similar letters (B, C, 
D, G, P, T, V). The remaining variables were assigned the following 
parameters: presentation rate (.33, 1.00, and 2.00 seconds per item), 
list length (3, 4, and 5 items per list), and grade level (Grades 3 and 
5). The data were collected from 156 subjects (78 subjects per grade) 
using a repeated measures design such that each S within each grade 
level participated in every condition. Three repetitions of each con- 
dition (a total of 3(2x3x3) = 54 experimental trials) were presented 
sequentially in a random order to a whole class simultaneously by means 
of a 16-mm film projector. The data were collected by subject written 
recall. 

The results indicated that all four variables were significant 
factors in a child's learning processes. A greater number of recall 
errors were made on the acoustically similar lists than on the acous- 
tically dissimilar lists. As the list length increased from three to 
five items, the number of recall errors also increased. As the presen- 
tation rate was increased from 2.00 to .33 seconds per item, the number 
of recall errors, again, increased. Finally, the Grade Three subjects 
made a greater number of recall errors than the Grade Five subjects. 
These results indicate that the organization of stimuli to be learned 
should be such as to avoid acoustic interference, especially in the 


lower grades. 


: 7 : : mys | 
ae inciliaais. 2 
a pap trey ¢ 


qvecset talbntaat ied lovlaog 4 0 
(3 (RY @ang2ef velinti yifebtonvone Ya! toog Re Srp aie 
ariveifet gis werytaes sisy esidubtav gointaves Boy = aT 42 ot A. 
s(inb3i Faq ehiosee OOo Soe ,00.r Eb.) zee noljeznseszq ets ISmeTeR ‘ 

hom t weberd) tavei stnag bre , (sett aaq emgay Z bem o® <€) dagnol agit 
{ebeos tar wtostdve 81) joules dal ant? beasatios etew mish dT kt 7 
ebatg, aves aldchy 3 ines sald dove gglegh extend besiege “ saan 
=960 dohe Jo enelyicsges «4a? 8 -ooriibasy yuspe os beteqtokeee eat o 
bedosgetg sc (alata lovnamtsaqxe fc = (xERE 20 fetes a) aeledd 
ase yd ¢iavostasimty euais sionw «.o3 1sha9 wobpst # at yLlalshegpes 
aeJitaw tosides Yd beto8ilos saw eiah sit .somehoTg alt) me’ & +0 
- [tnaws 

 Qmaethtugts sesv estdsts2y wor (ie Jnl? Botechhab agtvees off 
A¥eves Jo sediayn isies7a A .ehuesooTg guietagl at BEd’ a at eaoyiwll 
=gueas sd? ao met atast saitots insiseuese ala oo hae ae 94 . 
09 a8GN9 wort akaeton! dzgoat turt silt WA a30tE Gbtasteere 
eee ae B, - Riigerereee sadn wie eh vd a ona 1 


| asaeeren saggy ‘eae | all | 


ee 
; stoi ta : ea i “pe i ve. 


al ) ad 
i 
7 A : 7 t? Th 


~— “| 


a 
; a 


— a : aii 
i a 


, 


TABLE OF CONTENTS 


CHAPTER 


Ts 


rT. 


LEL; 


Ve 


PNT RODUGE LON ic. yen "ancl 6 948 sth as ae Sas lec v6 
REVIEW OF RELATED LITERATURE... . 
id deh yD Cw fe caste Neotel: te test) 6° Sw 8 
ELeSCHtCae Lol MOde ss.) susie te) 
Reeser tat Ongme CHOC suis) a. atsite asia sus 
PECSeCncCaAtLONG Rates 2) 6 et all te. eh 
Presentation Sequence. . <= < . % 
DUSEIECD SEN. te kee le uickivenc ee euros lel ieee 
RECenCioneiiter val fos scum wus sri sie 
Retrieval Techni quesi. 7. fo ose 66s! ce 
Summary of Design Variables. .... 
Acoustic Interference in Children. . 
DESL GNPRAL LONALE cue aiieaten tie el ore 
Experimental hactOrS v0.0 o)) cle) hele s 
Retention Interval, Sos oi (ems ve 
Presentation Mode. << . . « « «6 
Sttmuluc LypGwa ve rhs eitets) sells 
ACOUSTIC Sami larity. ©5 va <) wuens 
Dis teLenSctiis esse vag eure! co. cee vee ce 
Presentation Rate. ...... -» 
Grade Levels... i < sss. « % 
HYDOCNESES Fw wis. + Me oye oe: be, ten ey st ce 
Experimental Hypotheses. ...... 


METHODOLOGY e e e e ° e e ° e . e e ° 


20 


7 7 
. 7 _ fy ° 


a 
AS 


| bab len 
- — _ 


ERS cl &, hile 10 tals ue cise se 7 
els Wie Ba oles eres Ae oe pt ae 4 
- ee ae : : 


ou 2 >. & . » . * * * s * ” e ¢ ® * a . _someups? amotau rmsd 


« 


he pdt ces ali ieee en a: 5 ea Relat) 
Wie tse he os oe + eeeNRY pptesd fo eoeemiee 

7 Fi. ee tee we + oe wth ae sorersi+aziet sijayosd 
Mie eine atts ps ie ss a . a 
ee a ee eee vy « ONOTIST Letosattaqed 
PE hk ete ws es +e yg) SeroteT Bosom sen 
| ,sbalt bie seunsgsst 


~ » «<9GNT selumot a? 


' 7 
* : 7 — 4 
, : : 7 fa 
1 ay ¥ a 5. » 


CHAPTER 


VI. 


Vil. 


BUDJECtS ects A te cl eee Cie ems es «) ve -s 
ADDATACUS sue, ou) te fae se iis 6s sale. erst. is 
IPE OCCAUTG cues epten cores" Ne sivas es. ca S80 te: 
Analysis RTOCCAULrG i. 6) 6) sits) su «es on 
ROU iLO aweles oc obsaeeutie i's) 16) S06) 076 tel 6 01 cs 
MainetteGets Secu cren cosas at kes oa tats 
Assumptions of Homogeneity of Population 
First Order Interactions ........ 
Second Order Interactions ....... 
Third Order Interactions ........ 
Summary of Results . . . . «© «© « « © « « 
DES CUSGLON sees he tc) voc letnee Soon 0. le soso rs 
Hypothesized Results Versus Experimental 
Unpredicted Results ..... «eee. 
Ceiling and Floor Effects ....... 
SUPIMAR Vi cgteu ic aesiis ie ire utente siete seme (alma vet 
Educational Relevance .....+.-.. -» 
GONCLUSUOM: s. 67 wecky) bes 6) 00s eles. (eo ged eye 
REDPIERENGE Ow wes) 6 ss) ss 0) 6 6s) 6 
APERNDER OA chee ge csi hse Rewer elle a: el Neth le” ce. ale 


APPENDIX B e e e e ° ° e e e e e e e e e 


Variance 


Results . 


PAGE 


20 


20 


Ze 


23 


26 


26 


Ne) 


31 


34 


41 


41 


43 


44 


48 


50 


By 


53 


a3 


55 


58 


60 


wh 


fie ata. a +e —e 


- 


7 
Poe med ee ee art: nese 


-% 


. ‘ : 
Pee ae bie ee ee Te Pe sli st 
aus . * + <* © e * #6 6 eH he “ae eee 7 ¥0 


+s eee 


i os ~ ; 
ee es ee ha Dy a a 


_ 7 


suverisy notiaingoT Io qa tsnsgoadh a6. 


woes ve ht costars ba St as 
Si 4er ¢ Pe 4 - captsoeemaa le Manat, 


alt ial oe ot Ne eng tocisweil sire, aidt 
ee oatucalt Ye eatin 6: 


— "  asemeesane av. 


ingusatizeqeg adarav asluast boa) aaiitouvnt - | 
<< 
. » soinged bein these a ° 
eioe%32 stort tire | wife lv © 


a 


sphkys iat tsobakcaib, 


| 


i 
as 
et 
< 
iz 
‘* 
ia 
it 
ts 
ee. 
vy 
oe 


. - a 


LIST OF TABLES 


TABLE PAGE 
i DESIGN SUMMARY OF TWENTY-SIX EXPERIMENTS 
STUDYING ACOUSTIC INTERFERENCE IN SHORT-TERM MEMORY . . 5 


2 SUMMARY OF ANALYSIS OF VARLANCE ..9% «6.6. «6 ss « 2/ 


LIST OF FIGURES 
FIGURE PAGE 

1 EXPERIMENTAL DESIGN 

2x 2 x 3 x 3 FACTORIAL WITH THE LAST THREE 

FACTORS SREPEATED Sitle tae. Feoels of. Leeiae cd aie aptie Zi 
2 ERROR FEABUEAT LON sMATRIX@ tle R.6s) 2 Bs choc 75. 5. 6, 5 24 
3 PERCENTAGE OF RECALL ERRORS FOR GRADES THREE 

AND FEVEM.. Shs Bh satecte Goulet Pee Sex cater Pegg, +» Tete ete 28 
4 PERCENTAGE OF RECALL ERRORS FOR HIGH AND LOW 

ACOUSTIC SIMILARITY rect en fc os ? wiistabe, xo (omar ack om . op Be 28 
a PERCENTAGE OF RECALL ERRORS FOR THREE LIST 

LENGTHS) Siiac) Sate Ger seh shemale Gehucies. Ssh Se wadias EG het eS wor Ze 28 
6 PERCENTAGE OF RECALL ERRORS FOR THREE 

BRESENTATG LON RAT HS ich fe. 3) may Gepaben ee Get 16) sh Lovie: Lol leuiiet yo Sere 28 


ih SCATTER PLOT OF THE GRADE MEANS VERSUS 


ERROR VARIANCES e e e e e e e e e e e e e e e . e e e e 30 
8 ACOUSTIC SIMILARITY BY LIST LENGTH INTERACTION... . 32 
9 PRESENTATION RATE BY LIST LENGTH INTERACTION ..... 32 


10 LIST LENGTH BY GRADE BY ACOUSTIC SIMILARITY 

ENTE RACHILON Ueyceacccemict ke i utekle c. Peie fads Ghee Seea isso 
ala GRADE BY LIST LENGTH BY PRESENTATION RATE 

ENE ERA CT LON genet MW Li tis) sient sacee orale Goose coo sect Senn ee oy, 
We ACOUSTIC SIMILARITY BY LIST LENGTH BY PRESENTATION RATE 


AUNT RA GEO Neate tae Vicadeen Sun sh in eats Sle datas Mee ome: oh AEnO” 


. +s 2 © Ff ff 2, fF * 
6 2° Div ® #£ © + «2 = =e Bw fe ole PF? Fe eS 


s+ ew &£€& €&€ © + & £28 8 © * Ff 


. 
aT eee ee! oi og es leg ae . . » S30MAIAy AOE. 


Se...» WITATHTUD roma Tele ve thaATUNTe OF 700A E 
, SE. ) Wotrongeret mre rang me arsamorRAseME | 7 
YTIHAIINIZ DIYQUO0A YS SOAKD Ya STOMMy Tedd aah 


BER Fee Si oak: ig ‘ <4 ee wot ey ORTORRSTEE 


ie tenia inti abealel a 
a TE atin be were be oe aw ae «5» a > _ 


CHAPTER I 


INTRODUCTION 


The importance of acoustic similarity in studies of short-term 
memory (STM) was first demonstrated by Conrad (1962, 1964). Studying 
intrusion errors in the immediate recall of lists of six letters, 

Conrad found that letters ending with an "e" sound (B, C, P, T, V) 

tend to be confused with each other and letters beginning with a "short 
e'' sound (F, M, N, S, X) also tend to be confused. The confusion of 
similar sounding phonemes during the encoding of material to be remem- 
bered has become known as acoustic interference. Conrad's studies 
generated considerable interest and a great deal of subsequent research. 

Acoustic similarity has been shown to create interference in STM 
with words (Conrad, 1963; Baddeley, 1966), letters (Conrad & Hull, 1964; 
Conrad, Freeman & Hull, 1965), nonsense syllables (Adams, 1967), and 
digits (Wickelgren, 1965a). Acoustic interference has been demonstrated 
to be present in STM both when the stimuli are presented visually 
(Conrad, 1962, 1963, 1964; Conrad & Hull, 1964) and auditorily (Baddeley, 
1964; Wickelgren, 1965a, 1965b). On the basis of this latter finding, 
Wickelgren (1965a) has suggested that a short-term store (STS) encoding 
may be carried out in an acoustic fashion. This has very important im- 
plications for theories of memory (Sperling & Speelman, 1970) and for 
learning theory generally. 

To date, there has been no investigation of developmental trends 
in acoustic interference, nor has there been any attempt to study 


acoustic interference effects in educational situations. The present 


study was designed to provide some initial insight into the nature of 
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acoustic interference in a simple learning task with grade school 
children. The task selected was the serial recall of lists which were 
made up of either acoustically similar letters (B, C, D, G, P, T, V) 
or acoustically dissimilar letters (W, H, D, L, Q, R, J). 

Many variables have been shown to affect acoustic interference 
in the serial learning of word lists. A search of the literature was 
made, therefore, to determine how these variables interact with acous- 
tic similarity and thus, how they should be controlled. The findings 
of the resulting literature search are presented and discussed in 
Chapter II, The Review of Related Literature, which takes the form of 
a summary and integration of 26 studies. The remainder of the thesis 
is organized as follows. Chapter III, Basis of Experimental Design, 
considers the implications of the findings discussed in Chapter II 
and develops the hypotheses. Chapter IV presents a discussion of the 
methodology used in the experimental task and the method of analysis 
employed. Chapter V presents the results of the experiment and Chapter 
VI is a discussion of the results. Chapter VII is a summary and com- 


mentary of educational relevance of the experimental results. 
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CHAPTER II 


REVIEW OF RELATED LITERATURE 


The first experimental study of memory was done by Ebbinghaus 
(1913). He recognized that responses which are equally available in 
memory at a given moment of time may not be equally available at a 
later time. 

Memory may be thought of, as it has been traditionally, as a 
wholly inclusive monad (Melton, 1963; Postman, 1964); a dichotomy 
involving short-term memory (STM) and long-term memory (LTM); or a 
triad involving a sensory register, a short-term store (STS) and a 
long-term store (LTS) (Atkinson & Shiffrin, 1968). The arguments 
against dichotomizing memory rely mainly on the notion that a single 
process theory is more parsimonious than a dual process theory. In 
terms of physiological research (Milner, 1959, 1966, 1968), however, 
there is evidence supporting a dichotomy in memory. In research on 
verbal learning a dichotomy is shown to exist in that distinct laws 
seem to be operating separately in STM and LIM (Adams, 1967). Two 
differences between STM and LIM appear to be capacity, where STM capa- 
city is said to be smaller than LT (Miller, 1956), and interference, 
where LTM and STM respond to different kinds of interference (Conrad, 
1964; Conrad & Hull, 1964; Baddeley, 1964, 1966; Wickelgren, 1965a, 
1965b; Baddeley & Dale, 1966). A third component of memory, the sen- 
sory store, has been demonstrated by Sperling (1960, 1963, 1967). 
Although the purpose of this thesis research is not to argue the exis- 


tence of two or more components of memory, it is vital to understand 
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4 
that STM is an important and integral part of the overall memory system. 
As mentioned earlier, acoustic interference is considered to be 
the confusion of similar sounding phonemes during the encoding of mater- 
ial to be remembered. Consequently, a string or list of acoustically 
similar items will be less well recalled than a list of acoustically 
different items. The conditions under which acoustic interference has 
been shown to exist are found in Table 1, which summarizes the experi- 
mental procedure of 26 different studies in which acoustic interference 
in STM has been studied. Breaking down the research designs into three 
variables (acquisition of stimuli, retention of stimuli, and retrieval 
of stimuli), allows each variable to be evaluated separately in terms 
of factors within each variable which appear to affect acoustic inter- 


ference in STM. 


Stimulus Type. Acoustic interference can occur when letters, 
words, varying length strings of letters, or digits are used as stimuli 
(See Table 1, Acquisition Stimulus Type). This wide range of stimuli 
in which acoustic similarity causes interference suggests that the vast 
majority of verbal learning tasks are subject to this type of inter- 
ference and, as such, acoustic interference is probably a basic property 


of the encoding process. 


Presentation Mode. Acoustic interference appears to be indepen- 
dent of the presentation mode (visual or auditory). The fact that 
written stimuli, which are perceived in a visual mode, have been shown 
to be subject to acoustic interference indicates that an acoustic 


process is involved either in learning or recall. 
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Presentation Method. The two stimulus presentation methods 
which are most commonly used in studying acoustic interference are 
serial presentation and paired-associate presentation. In the serial 
method a list of stimuli is presented to a subject who is then asked 
to recall the list in the order of its presentation. In paired-asso- 
ciate learning a stimulus term is displayed and the subject is asked 
to recall the response term. After the anticipation interval, the 
response term is shown to the subject who may then study the correct 
response in order to prepare himself for the following trials. All 
studies presented in Table 1 used one of these two procedures. In 
only one case did paired-associate learning produce acoustic inter- 
ference. However, as there are very few studies dealing with paired- 
associate learning and acoustic similarity, the reasons for the lack 
of acoustic interference is not clear. 

It is possible, however, that the long presentation rate 
involved in the paired-associate task and, in the case of experiment 
number 11 (Baddeley & Dale, 1966), a long retention interval would 
tend to break down the acoustic interference by allowing rehearsal by 
the subject. Bruce and Murdock (1968) demonstrated acoustic inter- 
ference using the paired-associate presentation method by using a 
retention interval of zero seconds, but only in the proactive inhibi- 
tion conditions. The main body of literature indicates that acoustic 


interference can best be examined within the serial learning paradigm. 


Presentation Rate. The rate at which the stimuli were presented 


to the subjects and still produced acoustic interference varied from 
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10 
-33 seconds per item to 2.00 seconds per item (See Table 1). the most 
reliable presentation rates appear to be from .5 to 1.00 seconds per 
item. Acoustic interference appears to be minimal in learning tasks 
which use a presentation rate longer than 2.00 seconds per item. This 
finding suggests that acoustic encoding is completed before 2 seconds 
have elapsed. However, this time factor may depend on the degree of 
acoustic similarity and the resulting acoustic interference. The 
processing time to encode stimuli which create acoustic interference 
appears to be longer than the time needed to encode stimuli which are 
not acoustically similar. Presentation rates are a critical factor 
in producing acoustic interference and should, therefore, be closely 


controlled. 


Presentation Sequence. Two types of stimulus presentation 
sequences were used in the studies examined in Table 1: (1) the stimuli 
were presented sequentially, one stimulus at a time and (2) the stimuli 
were presented simultaneously. Adams, Thorsheim and McIntyre (1969) 
reported observing acoustic interference using sequential presentation 
only when recall was immediate. However, they also observed acoustic 
interference with simultaneous presentation but only after a retention 
period of twenty seconds. The majority of the studies examining 


acoustic interference generally utilize the sequential paradigm. 


List Length. Acoustic interference has been demonstrated over 
a wide range of list lengths (Table 1). The range is from 2 to 21 
items per list. The large range in list lengths would tend to indicate 


that acoustic interference will occur independent of list length 
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although the amount of acoustic similarity within a list will deter- 
mine the amount of acoustic interference obtained. List length is, 
therefore, important in that longer lists will allow a larger quan- 
tity of acoustic similarity to be present. However, if the list exceeds 
the subject's learning capacity under a non-acoustically similar condi- 
tion, then the number and type of errors made on an experimental list 
of equal size are compounded by the extension of the subject's ability 
as well as the acoustic ieee ree neen Thus, in order to obtain a re- 
liable measure of acoustic interference, the list length should not 
exceed the subject's ability under a non-experimental or acoustically 


non-similar condition. 


Retention Interval. The retention period (length of time between 
acquisition and recall) appears to be very critical. Predominately, 
the results in Table 1 indicate that the majority of studies were not 
able to observe acoustic interference if recall did not immediately fol- 
low the acquisition of stimulus material. In four studies, acoustic 
interference was reported up to four seconds following acquisition and 
up to six seconds following acquisition for a recognition task. It 
would appear, therefore, that acoustic variables, with regard to their 
role in encoding, have a very short life. A long retention interval 
gives the subject time to rehearse the stimuli, which attenuates acoustic 
interference. To prevent the rehearsal of stimuli, an interpolated 
activity is sometimes used. This activity may be comprised of numerical 


problems, second list learning, verbal speech, or any activity which 
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Wes 
is intended not to interfere with the experimental task. While studying 
acoustic interference, however, it is difficult to initiate such a task, 
since most material which could be used is itself subject to acoustic 
variables and would cause inter-list interference. Consequently, 
immediate recall of the experimental list provides the best experimental 
procedure for assessing the degree of acoustic interference in learning 


tasks. 


Retrieval Techniques. All three forms of retrieval, total recall, 
probe technique, and recognition tasks, were able to record acoustic 
interference. Total list recall requires the subject to recall the 
entire list of stimuli. The probe technique is when one item from the 
list is selected and given to the subject, who is asked to give the 
next item in the list. In the recognition task, the subject is given 
an item and asked whether that item appeared in the list which was 
previously presented. Total list recall, however, provides the grea- 
test amount of information with regard to the nature and type of errors 
produced by both inter-list and intra-list interference. Consequently, 


total list recall is the more widely used method. 


Summary of Design Variables 


It would seem that to demonstrate acoustic interference in short- 
term memory in adults, the stimulus materials may be words, letters, or 
digits presented either visually or auditorily. A serial presentation 
method, in which each item is presented sequentially at a rate of .33 
seconds per item to 1.5 seconds per item should be used. The number 


of items per list may vary from 2 to 21 depending on the type of recall 


Tes 
i 
at 


= 


ee 


a ene | 
Eotvlezs cit 22 2 isunsiotsan sa a ; 


saa! ae a ain sbi Mi 
ti : ss - Sanatan . 
ins be owe suelatar ov Jhuoh? tbe oT 3k , rave ai ty 


7 ees. 5 7 
ohees es xoehdtoe ‘ites! at bey a i — An Pec 


Ler sf 5") 
ame 


a , a 7 
if -, ¢Egnevpsened dears sapheoat ik S865 bina _ zoldp ean 


7 


41% tas 
=r ‘ 
7 ‘“bbseambiegts. 1498 offi qibiverg tetl lasdomiveqxe > Aa 4 ‘naw —_ ba 
7 7 a oe 5 : 5S - 
7 guinsasi ol sdnassTtsinl oftevoos %¢ oetysh Sad go ltaeoe@as ~ pee 


] 
7 


, Ehaes= isrt03 Pageienss io arse? Seats (1A .saepl 


dycse btoos8 ci asldp erew .adecy polaiagosss bps ; vophatiess + ud 


gy Lisses 6? toa(dne ot) eoviupss [1fa67 32zi itsaot . omarel 
> 
st +3 mor) a3 4a0 aydw el suplntioss sde19 SGT , tlumiaa ie aah ‘si aS 


- ~ 


eyiz of Bodie wi ow .tosidta oft OF Hews; | bas -borvsshae) a 2y 


asvig @) ssatdiye sa .ciees noigingooss 9#4 Al aul add atm sat me : 


esw othe tal! a@4 ni betesqih meth Jeno TS ijoriw badae bre = 


“Eat 913 vabivors ti dasoT  sbeinsesrg hat Kuh 


; p | 
a7o7v71S Io sqyi prt STucint bie 7 Jiggs7 if tiv roi Terre 7ot Im Snw 3 his xs hs 


a 


seltneupeene) «=. yoostetrsggnl tall-aropd Gas asll~tstes nic a a 


bossa bot v¥obiw sin add et ro.- Prerd T tog 


ie 


paid Pre 1g Stawit. 3 
al 
- Lhe al Lac edadahialied he et ssorsannmeh ny sae 


ai 


ae 


syst am pas 


13 
task employed. The retention interval may vary from zero to five 
seconds, with the best results being reported at zero seconds. If 
recall is not immediate, an interpolated activity task which prevents 
rehearsal and does not interfere with the experimental variables may 
be incorporated. Recall of the stimulus list by the subject may be 
by total recall (written or oral), probe technique, or by a recogni- 
tion task. These variables must be taken into consideration when 
designing an experiment which is to study acoustic interference resul- 


ting from intralist acoustic similarity. 


Acoustic Interference in Children 

There has been no systematic investigation of the developmental 
aspects of short-term memory or long-term memory in children. Initial 
studies with children on the effect of acoustic interference on memory 
are, probably, best designed by taking into account experimental vari- 
ables which are significant with adult subjects. 

The purpose of this thesis research is threefold: (1) to con- 
solidate the factors which have been shown to be of significance in 
studies which have investigated acoustic interference in short-term 
memory in adults; (2) to determine if acoustic interference exists 
with children at two grade levels (Grades 3 and 5); and (3) to examine 
in what ways acoustic interference effects in children are different 


from similar effects found in adults. 
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CHAPTER III 


DESIGN RATIONALE 


The purpose of this chapter is to outline the rationale for the 
experimental design used in this study and to state the hypotheses 
resulting from Chapter II. As the number of variables that have been 
shown to affect acoustic interference is fairly substantial, only a 
limited number of the most significant variables will be incorporated 
in the design. The remaining variables will be held constant at a 
level or condition selected on the basis of the information reported 


in Chapter II. 


Experimental Factors 


The factors that seem of most interest in the study of acoustic 
interference in children are presentation rate, retention interval, 
stimulus materials, presentation mode, list length, and age. A com- 
plete study would incorporate these seven basic experimental factors 
For this study, however, anticipation of some of the results by con- 
sidering previous research with adults led to a design utilizing only 
four factors, acoustic similarity, presentation rate, list length, and 
age, as the main variables. The other three variables, presentation 


mode, retention time, and stimulus materials, were held constant. 


Retention Interval. The retention interval was assigned a 
value of zero seconds or, in other words, recall was immediately fol- 
lowing the stimulus list presentation. This was based on the finding 


that acoustic interference was best reported at this interval, as well 
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15 
as having the added advantage of eliminating the need to control 


rehearsal during the retention interval. 


Presentation Mode. Acoustic interference is reported whether 
the presentation mode is visual or auditory. For convenience, the 
visual mode was employed. By presenting the stimuli visually using a 
J6-mm film and projector, the experiment could be administered to whole 
classes simultaneously. This method of presentation provides a conven- 
ient method of accurately controlling the presentation rate of the 
stimuli. The projector ran at a constant speed of 24 frames per second. 
By varying the number of frames per item shown to the subject, the pre- 
sentation rate was easily controlled. For example, a stimulus presen- 
ted for eight frames would be seen by the subject for one-third of a 
second. Similarly, a stimulus presented for 24 frames would appear 
for one second and one presented for 48 frames would be viewed for 
two seconds. Therefore, the visual presentation mode was selected 
because the film could be easily fabricated, the presentation rates 
could be accurately controlled, and the experiment could be administered 


to groups. 


Stimulus Type. Two sets of letters were selected. One set 
was acoustically similar (B, C, D, G, P, T, V) and one set was acous- 
tically, dissimijar (DzsH,J, Ly.0,0R, W). sAll lists consisted of 
randomly selected letters from one of these two sets. Only intralist 
interference (interference between items within a list) was studied 
as opposed to interlist interference (interference between lists). 


The use of letters as stimuli was used in order to insure that the 
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stimulus materials would be within the vocabulary range of all subjects. 


Acoustic Similarity. Two levels of acoustic similarity were 
assigned to the stimulus materials: high (stimulus lists were selected 
from the acoustically similar letter set) and low (stimulus lists were 
selected from the acoustically dissimilar letter set). The low level 
of acoustic similarity lists served as the control group. Each level 
of presentation rate, list length, and grade level had equal numbers 
of high and low (control) acoustically similar lists. 

A short-term memory task using an acoustically similar stimulus 
list is expected to produce a greater number of recall errors than an 
acoustically dissimilar stimulus list. This finding has been demon- 
strated by Conrad (1964), Conrad & Hull (1964), Conrad, Freeman & Hull 
(1965), Wickelgren (1965a, 1965b), and others. All subjects used in 
these studies were adults. If acoustic similarity creates interfer- 
ence in learning in children, then a difference between the acoustically 
similar condition and the acoustically dissimilar condition should also 


exist. 


List Length. Three levels of list length were used in this 
experiment: three, four, or five items per list. A limit of five 
items per list was employed in order to maintain a list length which 
could be learned by children. The length of two items per list was 
excluded on the basis that acoustic interference effects might not 
be reliably demonstrated with such a short list. The maximum of five 


items per list was chosen by virtue of its being the lower limit of the 
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average adult memory range of 7+2 chunks of information (Miller, 1956). 
In adults, there is a reliable relationship between list length 
and the number of errors made during recall. As the length of the 
stimulus list increases, the number of errors made during recall in- 
creases. This finding also holds when acoustic similarity is intro- 
duced as a variable in the stimulus list, except an even greater number 
of errors occur (Laughery & Pinkus, 1966). Consequently, if acoustic 


interference is observed in children, a similar finding is expected. 


Presentation Rate. Three levels were assigned to the presenta- 
tion rate variable: .33 seconds per item, 1 second per item, and 2 
seconds per item. These levels were selected on the basis of the 
findings discussed in Chapter II. Acoustic interference is initially 
observed at the presentation rate of three items per second. Increased 
interference is observed at the rate of one item per second. However, 
at the presentation rate of one item per two seconds, the amount of 
observed interference decreases. Laughery and Pinkus (1966) demon- 
strated this finding with adults. However, no evidence of similar 
results has been reported using children as subjects. If acoustic 
similarity is demonstrated to create interference in learning for 
children, a similar finding would be expected. However, this would 
only be true if there are no differences demonstrated between adults 
and children in the way in which acoustic interference influences 


their learning behavior. 


Grade Level. Two grade levels were selected: Grade Three and 


Grade Five. Grade Three was chosen because it was the grade closest 
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18 
to the initial "letter learning' process which would be able to com- 
prehend the experimental procedure. Grade Five was chosen to allow 
an age contrast with Grade Three. Children develop and improve their 
cognitive processes rapidly during the early grade levels. If the 
ability to become efficient in overcoming acoustic interference is a 
factor of development, then a difference in the number of errors made 
during recall would be expected. There is no evidence that the ability 
to overcome acoustic interference is developmental in nature. However, 
Hansen (1965) demonstrated that ten year old children were better able 
to handle short-term memory tasks at a given presentation rate (either 
one second per item or three seconds per item) than five year old 
children. This increase in memory as a factor of age would suggest 
that older subjects (Grade 5) would recall a larger number of correct 
items on all conditions (presentation rate, list length, and acoustic 


similarity). 


Hypotheses 


Taking into consideration that acoustic variables have not been 
investigated in children, the following hypotheses were proposed from 


the information obtained from adult subjects. 


Experimental Hypotheses 


1. There will be a greater number of recall errors observed 
on the acoustically similar trials than on the acoustically 
dissimilar trials for both grade levels. 


2. As the length of the stimulus list increases, the number 
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of observed errors will increase for both grade levels. 
The number of errors will increase as the presentation 
rate increases for both grade levels. 
A list length by presentation rate interaction is predicted 
where the error differences between the different list 
lengths at different presentation rates will not be equal. 
An acoustic similarity by list length interaction is expec- 
ted where the error difference between the high and low 
acoustic conditions for the longest list will be greater 
than the error difference obtained between the high and 
low acoustic condition for the shortest list. 
An acoustic similarity by list length by presentation 
rate interaction is predicted for all subjects where the 
error differences obtained between the high and low acous- 
tic conditions, at the fastest presentation rate and the 
longest list length will be larger than the observed 
error difference between the high and low acoustic condi- 
tions at the slowest presentation rate and the shortest 
Lasts 
There will be a greater number of recall errors for Grade 
Three children over all conditions than for Grade Five 


children. 
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CHAPTER IV 


METHODOLOGY 


The basic design used in this experiment was a 2 x 2 x 3 x 3 
factorial design with the last three factors (acoustic similarity, 
presentation rate, and list length) being repeated measures within 


grade level (See Figure 1). 


Subjects 


Students enrolled in Grades Three and Five in the Edmonton Pub- 
lic School System during the 1970-71 school term were used as subjects. 
Four classes of each grade were tested. The schools used were allo- 
cated by the Research Division of the Edmonton Public School Board. 

The Grade Three subjects were obtained from two different middle Social 
Economic Status (SES) schools. Three classes (the entire Grade Three 
population for that school) were obtained from Gold Bar Public School 
and one class from Westbrook Public School. The Grade Five subjects 
were also obtained from two middle SES schools. Three classes (the 
entire Grade Five enrollment for that school) were obtained from 
Richard Secord Public School and one class from Westbrook Public 


School. 


Apparatus 


Stimuli were presented to an entire class by means of a 16-mm 
film and projector. The timing of the stimulus presentation was 
controlled by the number of frames shown for each stimulus. The film 


projector ran at a constant speed of 24 frames per second (See Appendix A 
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FIGURE 1 


EXPERIMENTAL DESIGN 
2 x 2 x 3 x 3 FACTORIAL WITH THE LAST 
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for a detailed explanation on the production of the film). Responses 


were recorded by the subjects in answer booklets following each trial. 


Procedure 

Each class was presented a seventeen minute film on which there 
were 68 trials. The 68 trials were made up of three repetitions of 
the 2 x 3 x 3 factorial set (two levels of acoustic similarity, three 
list lengths, and three presentation rates) with different lists selec- 
ted randomly from the appropriate stimulus set. This accounts for 
3 x 18 or 54 trials. The additional 14 trials were perceptual control 
trials on which each item (a letter) was presented alone for .33 
seconds. The subjects were then asked to copy down what they observed. 
Any subject who made three or more perceptual errors was considered to 
have perceptual difficulty with the stimuli and, subsequently, had his 
data withdrawn from analysis. At first, it appeared to be a large 
number of trials to administer to a Grade Three subject. However, as 
both presentation time and list length were randomly varied and because 
the subject was kept busy by the recall task, interest in the task was 
maintained throughout the testing session. As an incentive to the child 
to pay close attention to the task, a prize, consisting of a chocolate 
bar was promised and presented at the end of the session for doing a 
good job. All children participating received this prize. 

Each trial consisted of the presentation of the list to be 
learned in sequential order, at the appropriate presentation rate, fol- 
lowed by an eight second recall period which was signified to the sub- 


ject by the film turning a light green. After eight seconds, the sub- 
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pas | 
jects were instructed verbally by the experimenter to turn the page of 
their answer booklets and get ready for the next trial. The film 
turned red from the light green for three seconds as a visual cue to 
get ready. This supplemented the auditory cue given by the experimen- 
ter. The total recall period was 11 seconds per trial. 

The procedure was as follows. Instructions were given to the 
class. Four practice trials were then given, one at each presentation 
rate and of varying list lengths. The subjects were asked if there 
were any questions and the procedure was reviewed. The subjects 
watched the screen while the list of letters to be learned was presen- 
ted until the screen turning green indicated that the list was finished. 
At that time, the subjects recalled the stimuli that were presented, in 
the order in which they were presented, and then turned the page of the 
answer booklet to the next page. The end of the recall period was 
signified by the film color change from light green to red and by the 
experimenter telling the subjects to turn the page and get ready for 
the next trial. A supply of pencils was given to each subject and no 


loss of trials resulted from broken pencils. 


Analysis Procedure 


Each subject's answer booklet was marked and the resulting infor- 
mation was transferred to a data sheet. Each data sheet indicated 
which items within each trial were correct or the nature of the error. 
The number of trials in which an error was made for each condition for 
each subject was then entered into an error matrix (Figure 2). The 


error matrix for each subject was then transferred to IBM cards and, 
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ERROR TABULATION MATRIX 
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fas 
subsequently, analyzed using the BIOMED pack program BMDO8V and the 


IBM 360/67 facilities at the University of Alberta. The results are 


discussed in Chapter V. 


CHAPTER V 
RESULTS 


The results of 113 Grade Five students and 92 Grade Three stu- 
dents were obtained. Ten Grade Five subjects were dropped due to either 
their inability to follow instructions or because they made too many 
perceptual errors. Fourteen Grade Three subjects were dropped for simi- 
lar reasons. As there was no significant difference among the Grade 
Five classes, one class was excluded from the analysis in order to facil- 
itate the analysis procedure, thereby equating the n to 78 for both 
grades. A summary of the raw data, giving the number of errors obtained 
for each condition for each class (including the excluded Grade Five 
class) percentage errors and means and variances of each condition is 
located in Appendix C. All Grade Five results analyzed were obtained 
from Richard Secord Public School. All four Grade Three classes tested 
were included in the analysis. Table 2 contains a summary of the analy- 
sis of variance results. The results and a priori tests are presented 
in the order of main effects, homogeneity assumptions, first order inter- 
actions, second order interactions, and third order interactions. A 


summary of the results is given at the end of Chapter V. 


Main Effects 

All main effects (grade level, acoustic similarity, list length, 
and presentation rate) were significant (p<.01). The Grade Three sub- 
jects consistently made a greater number of recall errors (52%) than did 
the Grade Five subjects (35%) (See Figure 3). The differences in per- 


centage of errors between high and low acoustic similarity conditions 
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Error Term 
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Acoustic Similarity 
List Length 
Presentation Rate 
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SS = Sum of Squares 

df = Degrees of Freedom 
MS = Mean Square 

kk = Significant at p<.01 


TABLE 2 


SUMMARY OF ANALYSIS OF VARIANCE 
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was 17%, with the high condition producing the most errors (Figure 4). 
The list length results are presented in Figure 5. Seventeen percent 
errors were observed when the list contained three items, 40% when the 
list contained four items, and 73% when the list contained five items. 

A Newman-Keuls comparison of the means indicates that each mean is sig- 
nificantly different from each of the other two (p<.01). The results 
obtained from the three different presentation rates are presented in 
Figure 6. When the stimuli within a list were presented at the rate of 
-33 seconds per item, the subject made 57% recall errors. Forty percent 
recall errors were made by the subject when the stimuli were presented 
at one second per item and 33% recall errors when a two seconds per item 
presentation rate was used. A Newman-Keuls comparison was made on the 
presentation rate means. The results indicate that the .33 seconds per 
item rate differs significantly from the one and two second rates (p<.01) 


and the one second rate differs from the two second rate at the .05 level. 


Assumptions of Homogeneity of Population Variance 


Interactions which were significant are Grade Level by Acoustic 
Similarity (G x A), List Length by Presentation Rate (L x P), Grade Level 
by Acoustic Similarity by List Length (G x A x L), Grade Level by List 
Length by Presentation Rate (G x L x P), and Acoustic Similarity by List 
Length by Presentation Rate (A x L x P). These interactions are presen- 
ted in Figures 8 through 12, respectively. A cursory glance at these 
figures reveals that the interactions may be result of a scaling 
effect as indicated by apparent ceiling and floor effects. The var- 
iances and means were plotted (Figure 8) in order to determine if a 


linear trend was present such that a transformation of the data and 
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SCATTER PLOT OF THE GRADE MEANS VERSUS ERROR VARIANCES 


Si 
subsequent re-analysis would be warranted. Clearly, no linear trend is 
present. A curvilinear relationship is apparent, but no appropriate 
monotonic transformation for these data exists (Kirk, 1968). The eee 
statistic was then applied to the error variances in order to test the 
assumption of homogeneity of variance. Lee was significant (p<.01) for 
both grade levels, indicating that the variances are heterogeneous. 
Normally, the F distribution is robust with respect to violation of the 
assumption of homogeneity of variance with equal sample sizes. The 
variances, however, have been shown to be highly heterogeneous which 
may, therefore, increase the possibility of rejecting a null hypothesis 
which is true. Interactions resulting from possible scaling effects may 


be falsely significant. Keeping this in mind, the results of the afore- 


mentioned interactions are reported below. 


First Order Interactions 

A significant Acoustic Similarity by List Length interaction 
was obtained (p<.01). The percentage of errors for each list length 
for each acoustic similarity condition was plotted (Figure 8). As 
the list length increased from three to five items, the percentage 
of subject recall errors increased from 20 to 84 for the acoustically 
similar condition and from 15 to 62 for the acoustically dissimilar 
condition. A Scheffée comparison of means was applied. The results 
indicated that the difference of five percent between the low and 
high acoustic similarity conditions, when the list contains three 


items, was not significant. The differences between the high and 
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ACOUSTIC SIMILARITY BY LIST LENGTH INTERACTION 
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low similarity conditions when the list contained four or five items was 
significant (p<.01). The difference observed between the high and low 
similarity three item list was significantly different than the differ- 
ences obtained between the high and low similarity four or five item 
lists. The interactions caused by the differences in recall errors 
between the different list lengths and levels of similarity may be due 
to a floor effect. 

The Presentation Rate by List Length interaction was significant. 
The percentage of errors for each list at each presentation rate is pre- 
sented in Figure 9. Generally, as the list length and presentation rate 
increased the percentage of errors made by the subject increased. A 
Scheffée comparison of the means was made and the following results ob- 
tained. Each of the three list lengths differed significantly at each 
presentation rate (p<.01). Within lists containing three items, no sig- 
nificant difference was found between the 1.00 and 2.00 seconds per item 
rates. A similar finding was observed on the four item lists. With the 
five item list there was no significant difference between the .33 and 
1.00 second rates, but there was a significant difference between the 
2.00 second rate and the other two presentation rates. The difference 
in the increase in errors observed between the three and four item lists 
and the four and five item lists at the 1.00 second rate was signficant. 

The interaction appears to indicate that difficulty encountered 
by the subject is greater at the 1.00 second presentation rate when the 
list length is increased from four to five items than when the list is 


increased from three to four items. This interpretation of the P x L 


deb “nd Ya yataetinke 40 wfayel ee ur ath mn | 
telis Tooll aos 7 
«then tt triyia “on mottouyeinl s2g@ei tedl qd otek nolistosestt ast 7 - 
Mag et Safy noljetitedtsg Wane Je taht Hose 101 avorts to sqetdboreg oat : 


aver wolveineestg bre tHygiiet vert odt aa ,yhlezud .@ srugk? ab betese - 
& iBessersnt Ja5 dye add yd shaw vrotss to vgermod ted et | foess2o0t 7 
Ado stiuese golgulin? of! biwigham/eae ence: st Yo bbntanqneo SaaTedae |) 7 . 
dat sn elooavttiagis borstith addgiual-teti seals sat 26 toed) neenalt - - 


~gie om pemeti satis gaintsises etek] olacil (10.29) e352 nobtedasestg a 
Wbdh 49 sbinooe 00.5 Soe 0O.L oft anawied bate? cae sonstsTtrh aenakite : 7 
gifs G3iW yetall mergb 102 stig no bovraado tay gotbel? veltmt=a & -a038T | 7 - 
bow EF. adit. nesweed sansisilth tnectengka on saw ayo roikiiet evil 7 
oat a syns $i) 1ib tasokeipgia 5 eaw wed vind , wader, ee 00.F = ne 
ammesdaaeh ent  .25968% Nobvednageng ow? ithe. si3 bas 3262 hehlteail 00,8. 
weit @sgr wot baa ssqd2 silt us9widd bavesedo etorxs at ‘osaite: aad an a 


<dumalthgte eaw 96x baopes 00.1 af 3d a9e2T cast grt tes wed ald poe 


-caumceleiaiainane veainenl x ep ee D 


34 

interaction may, however, be biased by the floor and ceiling effects. 

The first order interactions which were not significant were 
GxA, Gx P, and A xP. These results would indicate that Grades 
Three and Five did not differ in the degree of error increases at 
either acoustic similarity level (17% error difference between Grades 
Three and Five at the low acoustic similarity condition versus 18% 
error difference on the high acoustic laciee condition). The per- 
centage of errors made by Grade Three on the low acoustic condition is, 
however, equal to the number of errors made by the Grade Five subjects 
on the high acoustic condition (44% versus 44%). 

The nonsignificant G x L interaction indicates that the differ- 
ences observed between the grades at each of the three list lengths did 
“not differ from each other (15% versus 20% versus 18%). Similarly, the 
lack of an A x P interaction indicates that the differences between the 
two acoustic conditions at each of the presentation rates did not differ 


from each other (17% versus 19% versus 15%). 


Second Order Interactions 

The L x G x A interaction was significant (p<.01). A Scheffée 
comparison was run on the means and the following results were obtained. 
The differences between the high and low acoustic similarity condi- 
tions were not significant when the list contained only three items 
for either grade. The differences between the high and low acous- 
ae similarity conditions were significant for the four and five 


item lists for both grades. The pattern of errors was very similar 
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36 
between grades as is clearly shown by the graphs in Figure 10. The 
interaction appears to be caused by an overall error increase for the 
Grade Three subjects and by an increase in errors being observed be- 
tween the acoustic variables when the list is four or five items long, 
but not with the three item list. This interaction is subject to the 
same qualifications applying to the A x L interaction discussed earlier. 

The G x L x P interaction was significant (p<.01) and is presen- 
ted graphically in Figure 11. Differences within each grade level with 
regard to presentation rate clearly exist. With Grade Three (Figure 114A), 
the increase in errors obtained by increasing the list length from four 
to five items was significantly greater than the increase in errors 
obtained by increasing the list from) three to four items at the 1.00 
second rate. A significant Ps ae errors was caused when the rate 
was increased from 1.00 seconds to .33 seconds per item for a three or 
four item list, but not when the list contained five items. There was 
a significant increase in errors when the presentation rate was increased 
from 2.00 to 1.00 seconds per item when the list contained five items, 
but not when the list contained three or four items. 

For Grade Five (Figure 11B), a significant increase in errors 
was observed when the list length was increased for any presentation 
rate except when the list was increased from three to four items at the 
2.00 second presentation rate. A similar finding was observed for the 
Grade Five subjects as for the Grade Three subjects in that no signifi- 


cant differences were noted as the presentation rate was decreased from 
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GRADE BY LIST LENGTH BY PRESENTATION RATE 
INTERACTION 
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.33 seconds to 1.00 seconds for a five item list and that no differences 
were found when the presentation rate was decreased from 1.00 to 
2.00 seconds for the three and four item lists. The interaction 
appears to be caused by the differences between the grades when the 
list is increased from three to four items at a 2.00 second presenta- 
tion rate. The final interpretation of this interaction should take 
into account the scaling effects which were discussed earlier. 

The A x L x P interaction was significant (p<.01). Figure 12 
graphically displays this interaction. Figure 12A indicates that 
as the list length is increased at any of the three presentation rates, 
the number of errors increased significantly when high acoustically 
similar stimuli are used. As the presentation rate increases for each 
list length, significant differences occur for each individual list 
length except when the presentation rate is decreased from 1.00 to 
2.00 seconds per item on the three item list and from .33 seconds to 
1.00 seconds on the five item list. The increase in the number of 
errors observed when the list was increased from three to four items 
was greater than when the list length was increased from four to five 
items at the .33 second presentation rate. The opposite finding was 
true for the 2.00 second presentation rate (i.e., the increase from 
four to five items was larger than the increase from three to four 
items. 

Figure 12B indicates that by increasing the list length at a 


given presentation rate with stimuli of low acoustic similarity produces 
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ACOUSTIC SIMILARITY BY LIST LENGTH BY PRESENTATION RATE 
INTERACTION 


“ g98T mosh & 


: o } O8 u : 
y4t! west to ———* Gf 


; VV 
por ere a —_ 4 
Gi.f Wut Fe. 


weil to ghinnos® 


: Y?risAsiit2a ViTaq0 its ae 
' S| 
i Oot . 
| 
17 
6 
a v¥ 
Pa 1, we Te sound | 
; é ) Ds > 
Jeli ws? ’ 2 we 
- “e how Gas 
> fr 
a Og 
ak f t i fy ta 
— 4 Pd 4 
bi weal € oe i Og 
0 
a Soar oe 
a) tod asco: 
YTIGAAIMES BGLITZUOOA Wo.) 
liek 
ob? - 
i a: 
- Pas _ 
1 PA oa sgn nee : 
— z ie 70 : : 
= 7 : ae a - 1 7 : - 
_ abtenesA fail << P A | 2to7ad 
| witintimse = |) a ; _ 


sigaback wor * > Os 
wariglinie 


00-< Ol £ z oe ae 7 


; ced l Faq ebindase 


sf loa 


ii, ch ch at Var Te 
“ay Ve 


40 


significant differences except when the list length was increased from 
three to four items at the .33 second presentation rate. Significant 
error increases were also observed when the presentation rate was 
increased from 1.00 to .33 seconds for the three and four item lists 
and from 2.00 to 1.00 seconds for the five item list. The increase 

in the observed number of errors obtained resulting from an increase 
in list length from four to five items was significantly greater than 
when the list length was increased from three to four items for the .33 
and 1.00 second presentation rates. Overall, the high acoustic simi- 
larity caused a greater number of errors to be observed on the four 
and five item lists but not on the three item lists. The increase 

in number of errors obtained when the list length is increased from 
three to four on the .33 and 1.00 second presentation rates is signi- 
ficantly greater on the high acoustic similarity condition than on the 
low. Similarly, the increase in errors obtained by increasing the 
list length from four to five items is greater on the high acoustic 
similarity than the low when the 2.00 second presentation rate is 
used. Generally, the results indicate that high acoustic similarity 
causes a greater number of recall errors than low acoustic similarity 
when list length and presentation rate are varied. 

The G x A x P interaction was not significant. Thus, the dif- 
ferences in percentage of errors obtained between the acoustic levels 
at each presentation rate did not differ signficantly between grades. 
As with all previous significant interactions, the possibility exists 
that the results are an artifact of scaling effects and in violation 


of the homogeneity of error variance assumption of the analysis of 
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variance model. A discussion of the interaction results with regard 


to their biases is contained in Chapter VI. 


Third Order Interactions 
The third order interaction, Grade Level by Acoustic Similarity 


by List Length by Presentation Rate was not significant. 


Summary of Results 


The results indicate that all main effects were significant. 
The Grade Five subjects performed at a higher level than the Grade 
Three subjects. Stimuli which were acoustically similar caused a 
greater number of recall errors than acoustically dissimilar stimuli 
The five item list produced the greatest number of recall errors and 
the slowest rate (2.00 seconds per item) produced the least. Possible 
factors evident in the results which might influence the significance 
of the interactions effects were then discussed. An A x L interac- 
tion was significant where the difference between the high and low 
acoustic similarity conditions when the five item list was used was 
greater than the difference obtained between the high and low acoustic 
similarity conditions when the three item list was used. The L x P 
interaction indicated that the List Length and Presentation Rate main 
effects were non-additive because the differences obtained between 
the different list lengths at any given presentation rate were not 
necessarily the same. The G x A x L interaction indicates that the 
Grade Five subjects generally differed from the Grade Three subjects 
in the amount of errors made at the different levels of acoustic 


similarity at each of the three list lengths. 
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The G x L x P interaction indicates that the Grade Three subjects 
and the Grade Five subjects differed in their abilities to handle dif- 
ferent list lengths at different presentation rates. The A x L x P 
interaction showed that, at each level of acoustic similarity, the 
subjects differed in their ability to correctly recall different length 
lists at different presentation rates. The following chapter offers 
a discussion of these results in relation to the hypotheses presented 


in Chapter III. 
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CHAPTER VI 


DISCUSSION 


The obtained results follow closely to those hypothesized. This 
chapter discusses the results in relation to the hypotheses. A dis- 
cussion on the results which involve grade differences is then presented 
followed by a discussion of how the scaling bias may affect the results. 
A summary of the results and possible educational relevance are then 


discussed in Chapter VII. 


Hypothesized Results Versus Experimental Results 


Hypothesis One predicted a greater number of errors would be 
obtained for both grades on the high acoustic similarity condition than 
on the low acoustic condition. This was substantiated by the signifi- 
cant acoustic main effect. Acoustic interference is prominent in the 
learning processes of children, indicated by the high percentage of 
errors obtained on the high acoustic similarity condition. This inter- 
ference pattern is, then, not unique to adults. 

The second hypothesis predicted an increase in observed recall 
errors as the list length increased from three to five items. The 
results clearly indicate that the greatest number of errors were ob- 
served on the five item lists, the second most on the four item lists, 
and the least number were observed on the three item lists. By increa- 
sing the number of items to be learned within a list from three to 
four items or from four to five items, the chances of a subject making 
an error increases from 17% to 40% to 73%, respectively. Indications 


are that learning efficiency greatly decreases when five items or more 
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are incorporated into a list. The results also indicate that the 
short-term memory span of children of Grade Five is greater than the 
Grade Three subjects. 

The third hypothesis predicted an increasing number of observed 
errors as the presentation rate increased. This was shown to be true 
The chances of a subject making an error when the presentation rate 
was 2.00 seconds per item was 33%. At 1.00 seconds per item, the 
chances increased to 40% and, from there, to 57% at the .33 seconds 
per item rate. Increasing the presentation rate from 2.00 to 1.00 
seconds per item increases the degree of difficulty by 7%, whereas, 
increasing the presentation rate from 1.00 seconds per item to .33 
seconds per item, increases the difficulty by 17%. The study time 
allowed by the presentation rate affects learning by controlling 
rehearsal time. 

Hypothesis Four predicted a List Length by Presentation Rate 
interaction and was supported by the experimental findings. With a 
three item list length, the fewest errors were observed at the 2.00 
second presentation rate. However, as the list length increased 
to four items and five items, the difficulty of recall also increased. 
No differences were observed between the 1.00 and 2.00 second rates. 
for a list length of three items. For four items the difference 
is°5%, and for five items the difference is 17%. “The effect of 
increasing the list length and increasing the presentation rate 
from 1.00 seconds to .33 seconds per item is the reverse. For the 
three item list, the change was 22%, for the four item list, the change 


was 24%, and for the five item list the change was 6%. . There appears 
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to be a pattern between the items to be learned and the amount of 
time required to rehearse these items between successive stimuli 
presentations such ‘that they can be stored in a manner suitable for 
recall. Since the three item list produced no change in learning 
(between the 1.00 and 2.00 second rate), it is assumed that the sub- 
jects had adequate learning time at the 1.00 second rate and gained 
little by having the time increased to two seconds. With four items, 
however, the subject'S error rate increased to 33% at the 1.00 second 
rate and decreased only 5% when the presentation rate was decreased 
to 2.00 seconds per item. If the rehearsal function were linear and 
the list length was only increased by 1/3, then only 1/3 more rehearsal 
time should be required. This does not appear to be the case. The 
subject's performance appears to be a nonlinear function of the list 
length, presentation rate, and the amount of interference encountered 
during stimulus coding. The result of removing one source of inter- 
ference (acoustic similarity) is discussed later in this chapter. 

The fifth hypothesis predicted an Acoustic Similarity by List 
Length interaction. This interaction was observed to be significant. 
The differences between the high and low acoustic similarity conditions 
were significant when the list length was four or five items, but not 
when the list contained three items. The amount of interference genera- 
ted by acoustic similarity is not sufficient to cause the subject sig- 
nificant learning difficulties when the list is short (in this case, 
three items long). As the list length increases, the degree of inter- 
ference greatly increases, causing the subject recall difficulties. 


Subject errors on the high acoustic similarity conditions increase from 
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20% for a three item list to 52% for a four item list and, then, to 84% 
for a five item list. The control (non-acoustically similar) condition 
produced 15%, 27%, and 62% errors on the three, four, and five item 
lists. By having the stimuli acoustically similar, the number of errors 
increased 25% and 22% on the four and five item lists. These results 
indicate that children are subject to errors similar to adults. 

A significant Acoustic Similarity by List Length by Presentation 
Rate interaction was predicted by Hypothesis Six. This interaction was 
significant and indicates that the subjects are affected by the inter- 
ference brought about by the introduction of acoustic similarity. By 
increasing the list length from three to four items with a high similar- 
ity list, errors were increased 43% when the presentation rate was .33 
seconds per item, 34% when the presentation rate was 1.00 seconds per 
item, and 22% when the presentation rate was 2.00 seconds per item. The 
Control group increases are 10%, 13%, and 16%, respectively. Clearly, 
acoustic similarity produces a greater number of recall errors on the 
.33 and 1.00 second presentation rates than on the 2.00 second presen- 
tation rate. With the 2.00 second presentation rate, the experimental 
and control conditions differ only by 6% in the errors caused by 
increasing the list length from three to four items. What appears to 
be happening is that subjects are better able to handle the interference 
caused by increasing the list length if a longer presentation rate is 
used. Presumeably, the subject uses this added time to rehearse the 
stimulus list. Large increases in percentage errors were observed 
on the low similarity list when the list was increased from four to 


five items at all three presentation rates (33%, 48%, 24%). This large 
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increase signifies that the subject has extended the limits within 
which he can comfortably and adequately handle the interference caused 
by list length at that particular presentation time. When the subject 
has the added difficulty of increased acoustic similarity on the five 
item list, he makes 92% errors at the .33 second presentation rate, 
8724 at the 1.00 second rate, and 74% at the 2.00 second rate as 
compared to the low similarity list errors of 74%, 67%, 46%. Basically, 
the subjects appear able to adequately handle stimuli lists of three 
or four items which are not acoustically similar, but have greater 
difficulty if acoustic similarity is introduced into the list struc- 
ture. Further, if the presentation time is not increased to an extent 
such that the subject is able to cope with the interfering effects of 
acoustically similar stimuli, errors will increase substantially. 
yeoraesie Seven predicted that, summed over all conditions, 
grade five subjects would make fewer recall errors than the grade three 
subjects. This is apparent throughout the data and is verified by 
the significant grade level effect. Higher familiarity with the 
stimulus material, greater exposure to interference, and the experience 
of handling learning material which is complex may be some of the 
factors underlying the superior performance of the Grade Five subjects 
over the Grade Three subjects. However, Grade Five subjects are 
still vulnerable to interference, as indicated by the significant 


acoustic similarity results. 
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Unpredicted Results 


The hypotheses were based on the anticipation of the results of 
adults in similar conditions and, consequently, no prediction could be 
made on the possible differences which might occur between grade levels. 
As the results followed exceedingly closely to the predicted results, 
there is no evidence to suggest that children's short-term memory 
processes are qualitatively different than that of adult subjects. 
There were some grade differences observed in the experimental results, 
through. The Grade main effect was significant, indicating that the 
Grade Five subjects made fewer errors that grade three subjects. The 
more efficient learning of Grade Five subjects is probably due to a 
greater ability to break down interference patterns caused by pro- 
perties within the stimulus list. One form of interference introduced 
into the learning task was acoustic similarity. The Grade by Acoustic 
Similarity interaction was not significant, indicating the degree of 
error increases at either acoustic similarity did not differ between 
grades (17% versus 18%). A Newman-Keuls comparison of the means 
indicated that the Grade Three subjects made a larger, significant 
number of errors on the high similarity list (61% versus 44%) and on 
the low similarity list (44% versus 26%) than did the Grade Five 
subjects. It seems likely that the Grade Five and Grade Three subjects 
are overcoming the acoustic interference in similar ways, but that the 
Grade Five subjects are more proficient in this task. This finding 


was consistent in the other first order interactions involving a 


grade variable (G x L, G x P). 


tie AI | 


a; an 5. 


ic Bayly 


ad hives colisibsta of eittevpsanon: 


: é 


-wisval ASsSwted ts 30 JH EM Hekny Aso! EoreEt a) 4} 


Shniu 
FS 


het ithorna i7 a ylsoad is vingtassaap 


,at Lear! 


sa7 of4 Io RoltaqgFoiine sz so este Sstaw 2aZai 


bas anor sthres | 4 


bawelle® a3 Ses rhs AA 


afte Fis G 
nat 


dia eaus ants #0 9be6 


: 
~ 4 
-_<. 


Vn 


: ao 
wigade avoi-tcge:le » werbEbils tarp Jeergiia oF Sohsirve on-ek sasha 
Rete’ ae 
J@35efdiue Aa to jadi) cans anaywsttib Yioviterlriowp ate: aeweooore 
amy =, 
yout scuregil reqx3 ant hsvxysedo aseoneystiih “bes seu Steam aTS ‘a 
> ay 
| i 
gifs) tod? suidesibei ,seasiilagia adw 39°%%5 atew Sbaxd oF guar iq 
i = 2 oo 
Bey a 
’ si due ss" Levo 2uno szorys t906) sham stdosioue avi® soba 
TT) : 
J:s0b victstiod 7) 2] suttve svi7 sheta ‘o ghfiasal 2ai fatiie oro 
; 
oy ee 
7 Cl onus tstisq solsiyssul-nwob Jest 69 pitied sei6esy 
i . a 7 
be Sire ede 325.9% to 77 snl . Sell eevivetse iY niniaditw assists ' 
oo 
- } : 
» « A i se 
ii te ran Ve Shaa2 eet raz 7 ee Banirs, oltaoss RkG WrRet ¢ f rae! saa oon * 
16-3 gntabcaion! ,jraslifegte 79h saw nobsyerstal yai rete 2 
; ~~. a 
neewisd width Joa bib yiiaslio oitawosa Wists to sceuemenl YORI 
7 ' 
suewm alt 39 noatseqxoo eiugt~naewot A |. (881 euerev IVI) esha 


dngotiiavi=a ,wagael sc shen ac7AT She 


#355; ce2 
* 


gati v7) vetinie 


ay ii bip nesic (ROS aneysov 


7 


7 
af ; me bhae (Sea airewy S138) 
7 


setae asnit sbe7D 
7 : I 
Bir. . 

— - grbbokt etait hen atd? nl snatotiong ere 


7 oF 


= 


_ a 


an: -. 
cguiviedat ‘eo owzatnd 1b 36 sa208 


& 
if i : 


Yu offs 
igi? ors ine 
XOP) tefl) a ee 
svbT shes) svi2 tanta Vigatt ‘dies at 


oils amis oi. one taltots af shoal cia aetauooe ‘oi witwe 


ts becealbrt 
are 
al : ; > 

erie Jot saatte 


or gal 
- 


oot 


— 
air 
ae! 


ss Wasa § 


49 

Two second order interactions (G x A x L and G x L x P) were 
significant. Analysis of the Grade by Acoustic Similarity by List 
Length interaction indicated that the Grade Five subjects performed 
the recall task with fewer errors than the Grade Three subjects on 
each list length at each presentation rate. The interaction effect is 
also due to a non-significant difference between the high and low 
Similarity list conditions when the list contains three items. As the 
list length is increased to four or five items, the differences between 
the high and low similarity groups becomes significant for both grades. 
The difference in recall errors caused by a list similarity increase 
was roughly the same for each grade for each list length (26Z versus 
23% and 16% versus 28%). Once again, the evidence indicates that the 
acoustic similarity causes the same degree of interference in both 
groups but that list length presents less difficulty to the Grade 
Five subjects. 

The significant Grade by List Length by Presentation Rate inter- 
action indicated that the Grade Five subjects made fewer errors as the 
presentation rate and list length decreased. The effect of the list 
length increase from three to four items for the 2.00 second presentation 
rate was not as great for the Grade Five subjects as it was for the 
Grade Three subjects. The 2.00 second presentation rate was not suf- 
ficient for the Grade Three subjects to overcome the list length 
interference while it was sufficient for the Grade Five subjects. 

The five item list is beyond the capacity of a Grade Three student, 
causing a high percentage of recall errors (92% to 69%, depending on 


the presentation rate). For Grade Five subjects, recall errors are 
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also high. However, they are still less than those obtained by the 
Grade Three subjects (75% to 51%, depending on the presentation 
rate). 

In summary, for Grade Three, learning is most efficient when 
the list is not over three items long, is presented no faster than 
1.00 seconds per item, and contains no acoustic interference. For 
the Grade Five subjects, the list may be up to four items long when 
presented at a 2.00 seconds per item rate, and may contain acoustic 
interference if the list length is below four items. Shorter list 
lengths may be presented at a faster presentation Se but must then 
contain no acoustic interference. Or, in other words, added acoustic 
interference must be compensated for by decreasing the rate of 


presentation. 


Ceiling and Floor Effects 


The results of the analyses presented in this paper may have 
been affected by a scaling factor that would artificially create sig- 
nificant interactions due to floor or ceiling effects. In varying 
degrees, all significant interactions in the present study demonstrate 
this effect. The floor effect, in these data the fewest number of 
errors, appears to reach its lower asymptote around the 10% error 
level. With 78 subjects encompassing the entire range of students 
included in each grade level, it is not unlikely that six or seven 
subjects per grade would make an error on even the simplest condition 
(low similarity items presented at a 2.00 second presentation rate). 


This would account for why the floor effect is at the 10% level and 
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not at the 0% level. The lower asymptote was reached on the basis 
that subjects found the task under the simplest conditions to be well 
within their learning capabilities. As the subjects encountered lists 
which exceeded their capacity, they reached the upper asymptote of 
100% errors. If subjects were selected so as to eliminate the poorer 
subjects as well as the very bright, perhaps these effects could be 
lessened. This study was, however, designed to investigate the exis- 
tence of acoustic interference in children as a group and not on an 
individual basis. The heterogeneity of variance does suggest that 
differences may occur. How greatly these biases affect the results 


is difficult to assess. 
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CHAPTER VII 


SUMMARY 


A review of the literature of variables in short-term memory 
failed to reveal any study which provided evidence of acoustic inter- 
ference in children. The experimental factors affecting the obser- 
vation of acoustic interference in adults were then summarized. The 
results of this summary provided the basis for a2 x 2x 3x 3 
factorial, repeated measures experiment designed to determine if 
acoustic interference was present in children's learning behavior. 
The four experimental factors (Grade Level, Acoustic Similarity, 

List Length, and Presentation Rate) were selected as having the 
greatest significance in an acoustic interference study. 

A serial list, short-term memory task, based on Conrad's early 
experiments in studying acoustic interference, was selected as the 
experimental task. The stimulus lists were selected at random from a 
set of acoustically similar letters or a set of acoustically dis- 
similar letters. The lists contained 3, 4, or 5 items which were 
sequentially presented at .33, 1.00, or 2.00 seconds per item to 
subjects selected from Grades Three and Five. Seventy-eight subjects 
per grade contributed to the experimental analysis. 

The stimuli were presented to a whole class of subjects simul- 
taneously by means of a seventeen minute, sixteen millimeter film 
containing 68 trials. Following the presentation of a list of 
stimuli, the subjects immediately recalled the stimuli, in serial 
order, in an answer booklet during an eleven second recall period. 


Only one list was recalled on each answer booklet page. The subjects 
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were promised a Prize, consisting of a chocolate bar, for doing a 
good job. Each participating child received this prize. 

The results indicated that all four experimental variables 
significantly affected the subject's learning behavior. The Grade 
Three subjects made a greater number of errors than did the Grade Five 
subjects. As the list length increased from three to five items, 
the subjects in both grades tended to make a greater number of errors. 
The subjects also increased the number of recall errors made when the 
presentation rate increased from .33 seconds to 2.00 seconds per item. 
And lastly, subjects made a greater number of recall erros on the 
acoustically similar list than they did on the acoustically dissimilar 


lists. A number of significant interactions were also found. 


Educational Relevance 

The results indicate that organization and presentation of a 
stimulus list is very important. Learning material containing a 
large number of stimuli which are acoustically similar would tend to 
cause the pupils more difficulty than if the material were organized 
to contain little acoustic similarity. The organization of spelling 
lists would be one example where such information would be useful, 


but would apply to most rote memory situations. 


Conclusion 
The purpose of this research was to consolidate the variables, 
in short-term memoy in adults, which pertain to acoustic interfer- 


ence, and then to determine if acoustic interference existed in 
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children. The data herein reported indicated that children were 
subject to acoustic interference under conditions similar to those 
found for adults and, thus, acoustic variables should be controlled 


in the learning situations to which the child is exposed. 
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APPENDIX A 
PRODUCTION OF FILM 


Appendix A contains a description of the manufacturing process 
by which the film which was used to present the stimulus lists was produced. 

The stimulus letters were typed on 3 x 5 inch index cards which 
were the placed in the order necessary to make up the appropriate lists. 
The cards were photographed using a 16-mm Bolex H-16 movie camera on 
Kodak Tri-X reversal film. The 16-mm film projector ran at a constant 
speed of 24 frames per second. Hence, a stimulus which was presented 
for .33 seconds was photographed for eight frames, for 1.00 second 
for 24 frames and for 2.00 seconds for 48 frames. Following film 
development, 192 frames of green leader followed by 72 frames of red 
leader were spliced on the last frame of the last stimulus of each list. 
The last frame of red leader was then spliced to the first frame of 
the first stimulus of the next list. The process was repeated for 
68 trials and for four practice trials. 

This method of stimulus presentation to a large group of sub- 
jects proved to be very feasible. The film was inexpensive when com- 
pared to the building of elaborate presentation and timing equipment. 
The film eliminated the need to use electronic timers to control 
presentation rate, allowed for various presentation rates which could 
be accurately controlled, used equipment which was easily accessible, 
and was relatively simple and quick to make. Not only were a large 
number of subjects able to be run at one time, but the equipment was 
portable and caused no disturbances among the subjects as being 


unfamiliar to them. The method was also widely accepted by the school 


aunootg aioe oa ao no tagan "oe 
Besubor4. aew aati dptunitse ‘aie Sases7z7 oF uaaate 
dolifw’ eirtasy xabpt donk @ % f a0 beaded stow ated tal 
atelf stsisqovge odd) qu Saad Oo eqReasneo TSb30 Sd wt 
no STshey Sivom dlait xolo8 sm-Ob n datas, oostarguauit ttle lien oat a 
1AeiaMo> & Js far aheasbond: mit? om-3f sdf atk? Sperovay far aboot : 
botnsaarg asw detdw aitont 38 B eoomell -bnoose +384 omer? es to coy | D 7 
hice¥s OO. 0% (Asner? otkiS tab Bosqangsuody ane alawaem £2. 14 _ 
mist, gntwodiot .34m014) Aha <ihsoae 00.5 wa? bin: Te + 
baz Yo" eomE7 2 SY yd bewel [o2 shat nsorg 20 eeqes3 woman? i2t ane 7 
Jaki Haas to wulumits Jeul odd Yo sang? gael afd we boottqu euaw ashaad = 
to 4mbe2 sevid on¥.o7 basilqe nar efw xsbesl bys Ye Le ay deal ar i" 
302 badedqs) sav eassookey aft. .2at) duae sdovto aiumtss sankl oda ‘ 
-alelts. sh livesg hl +02 bae alets9 6a , 


. ~que in quorg sgvel s 0? oelisanszetg euloyise Io bodtod SEAT > 

mr ned ayviensqesn’ sew, al}? dT .ldteged yey ed nd beveayg Rie : 
Hirsmgkops guiets ban nolisinatyry sderodbie taiguth! tad etd OF beraq 
Loxpren.o3 seeiits. alosyzeste, sav, 4d baca afy bezsatalia. ky alt 7 

bipoo dst’ aeie2 noiiemieesi1q eyotrev 403 bawolie ,99n sosguicela ll 
catdtsedoan kod anu «ly Jeonctope Baay sbektor2ne> Ysierimse nds 

gest # srou¢no ton - sem 0) dalup brs algae ebeviantor sew ha 

: epg eee oh re | 


my 


board. The advantages of using a film for stimulus presentation 


greatly facilitated the collection of data for this thesis research. 


ag 


- - - : 
iE a wt 
“fe aaa 4 
a a . 
; > eh ot ise ee “aS ee 
totitaixedsarq apluaite to tt » gobeo % 
a - 


a ‘ 


7 a 
ozagess ategdd giddy Tot #2nb $0. sokvosit a 


APPENDIX 
RAW DATA SUMMARY 


This appendix contains a summary of the raw data for each 
grade. Each summary sheet contains four error matrices. The two on 
the left give the total errors made for that grade on each list length 
for each presentation rate for each acoustic similarity condition. The 
two on the right contain the transformation of the number of errors 
observed in the left hand matrices to percentage of errors for each 
presentation rate at each list length for each of the two similarity 
condition. The percentage of error matrices facilitate comparison of 
different grade results. Also included in this appendix is a summary 
of each of the overall grade results for each grade and a summary of 
the combined results for both grades. A table containing the means 
and variances for each experimental condition of the data used is 


presented at the end of Appendix C. 
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